Collaboration scripts are activity programs which aim to foster collaborative learning by structuring interaction between learners. Computer-supported collaboration scripts generally suffer from the problem of being restrained to a specific learning platform and learning context. A standardization of collaboration scripts first requires a specification of collaboration scripts that integrates multiple perspectives from computer science, education and psychology. So far, only few and limited attempts at such specifications have been made. This paper aims to consolidate and expand these approaches in light of recent findings and to propose a generic framework for the specification of collaboration scripts. The framework enables a description of collaboration scripts using a small number of components (participants, activities, roles, resources and groups) and mechanisms (task distribution, group formation and sequencing).
Specifying Computer-Supported Collaboration Scripts
Successful collaborative learning depends upon effective interaction amongst learners.
However, when learners are left to their own devices, they rarely engage in productive interactions such as asking each other questions, explaining and justifying their opinions, articulating their reasoning, or elaborating and reflecting upon their knowledge. Collaboration scripts aim to foster collaborative learning in shaping the way in which learners interact with one another. In specifying a sequence of learning activities, together with appropriate roles for the learners, collaboration scripts are designed to trigger engagement in social and cognitive activities that would otherwise occur rarely or not at all.
Collaboration scripts are based upon the scripted cooperation approach, as described by O'Donnell (1999) , which differs from other collaborative learning approaches chiefly in the fact that it focuses on the specific activities that learners are expected to engage in, whereas others leave them unspecified or vague. In targeting those activities which have emerged from research findings in cognitive and educational psychology as being strongly related to learning (e.g., Cohen, 1994; Webb & Palincsar, 1996) , scripts are assumed to lead to higher level cognitive processing and therefore to better learning outcomes.
Collaboration scripts have become fairly popular within educational science, especially in the domain of computer-supported collaborative learning (CSCL), where they have been used in various settings, including face-to-face, web-based as well as mobile contexts (MOSIL, 2004) . Computer-supported collaboration scripts carry the additional benefit of reducing the coordinative effort both on the teachers' and the students' part.
Computers may for instance keep track of the students' position within the script sequence, alert or prompt students to engage in specific activities and provide additional information and resources when needed. Furthermore, once programmed, computer-supported scripts can be reused as many times and with as many students as desired. However, whereas traditional collaboration scripts can easily be customized and adapted to new contexts, computer-
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Specifying Computer-Supported 5 supported scripts generally suffer from the problem of being restrained to a specific learning platform and learning context. Scientists with an interest in educational modeling languages are currently aiming to formalize collaboration scripts in order to foster reusability and portability of standardized scripts. However, there first needs to be a clear understanding of how collaboration scripts work and what they are composed of. Specifying collaboration scripts requires the integration of multiple perspectives from computer science, education as well as psychology. So far, only very few and limited attempts at specifying collaboration scripts have been made. The goal of the present paper is to consolidate and expand these approaches in light of recent findings and to propose a generic framework for the specification of collaboration scripts.
Approaches to the Specification of Collaboration Scripts
In a pioneering attempt to analyze collaboration scripts, Dillenbourg (2002) identified a number of aspects which served as a preliminary framework for script comparison and design. Dillenbourg (2002) described scripts as a sequence of phases, each characterized by the following five attributes: type of task to be accomplished, group formation (and composition), distribution of the task within and among groups, type and mode of interaction (e.g., co-located vs. remote, synchronous vs. asynchronous, text-based vs. voice-based, etc.) , and timing of the phase. From phase to phase, each of these attributes can change. The allocation and re-allocation of roles and activities, as well as physical or virtual resources are considered to be part of the task distribution.
In their conceptual framework, Dillenbourg and Jermann (in press) expanded the scope of collaboration scripts to encompass more than just small group interaction. Whilst collaborative activities are still regarded as being essential to the learning process and constituting the core learning mechanism, integrative scripts also include individual activities and activities encompassing a whole class. Thus, collaborative core scripts are positioned within a didactic envelope, that is, pre-and post-structuring activities which enable scripts to hal-00703944, version 1 -4 Jun 2012
Specifying Computer-Supported 6 be optimally integrated into the lesson plan (e.g., introducing the topic, reflecting on what was discussed, etc.) and which contribute to their effectiveness and consistency. The integrative aspect of scripts becomes even more evident in the case of computer-supported collaboration scripts, in which scripts integrate virtual with physical activities and manage the data flow between them. For example, in the ArgueGraph Script (cf. appendix C), discussion across a whole class is based on a graph that was computed from individual reponses priorly collected in the form of a questionnaire.
According to Dillenbourg and Jermann (in press ), the didactic envelope features two salient dimensions: The time structure and the social structure of scripts. Each activity within a script can be mapped onto a certain phase or point of time in the overall sequence and is also limited in its duration (giving the time structure). Furthermore, each activity can be mapped onto a specific social plane (in reference to Vygotsky, 1978) , such as an individual, group, class, community or world plane (giving the social structure). The didactic envelope manages the integration of activities from phase to phase and from plane to plane.
The core script typically involves a task distribution among all group members.
Dillenbourg and Jermann (in press) viewed interaction as the means of overcoming these task divisions and proposed a model, according to which the nature of the task distribution also determines the nature of the members' interaction (e.g., explanation, argumentation, mutual regulation, etc.). Following Schwartz' (1995) definition of collaborative learning as the effort necessary to build a shared understanding, learning results from the interactions which students engage in to build a shared understanding despite the fact that the task is distributed (Dillenbourg & Jermann, in press ). According to the design principle "Split Where Interaction Should Happen", the model was named "SWISH". Kollar, Fischer and Hesse (in press) were interested in comparing scripts from two research traditions: Computer-supported collaborative learning (CSCL) and instructional psychology. Five conceptual components were identified according to which scripts could be hal-00703944, version 1 -4 Jun 2012
Specifying Computer-Supported 7 differentiated: Objectives, activities, sequencing, roles, and types of representation. Scripts from both research traditions had similar objectives regarding the group task. However, as all of the CSCL scripts made use of computer-mediated communication, a major part of these scripts was devoted to the support of smooth and coherent communication and coordination with respect to the inherent weaknesses of the medium (e.g., Herring, 1999) . Although scripts did not differ much in the kind of activities which they promoted (e.g., argumenting, explaining, question asking), scripts from instructional psychology gave much more support when it came to how to carry out these activities (through training or detailed instruction).
CSCL scripts typically lacked a prescribed sequential structuring of activities, although the interface sometimes implicitly induced a certain sequence of activities. Also, CSCL scripts often lacked clear role distribution in contrast to scripts from instructional psychology. Scripts from both traditions were rather inconsistent in the way which they were represented during the learning phase (e.g., represented internally in the learners' mind or represented externally by buttons on the screen, prompt cards, etc.). These findings highlight the diversity of scripts, both in realization as well as in function and purpose.
Within a conceptual framework, Kollar et al. (in press ) used a distributed cognition approach in order to incorporate the five components mentioned above: because the group task is solved or the objective is reached by engaging in certain activities, it can also be defined by a specific set of activities. In a script, activities can also be distributed among the learners in the form of roles. These activities and roles are linked by a specific sequence following a meaningful strategy and ultimately leading to the solution of the task. The script is to a certain degree represented externally (e.g., written, graphical or oral) and internally (as procedural knowledge).
The Role of Activities in Collaboration Scripts
Collaboration scripts essentially concern activities that promote learning, but which rarely occur spontaneously within the discourse of learners (O'Donnell, 1999) . In this way,
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Specifying Computer-Supported 8 collaboration scripts aim to directly facilitate specific activities during collaborative learning rather than setting the conditions for collaborative learning prior to a collaborative learning phase (e.g., establishing a specific incentive structure; Slavin, 1983) . Within collaborative discourse different kinds of activities have been identified, that are particularly beneficial to learning (cf. King, 1999; Ohlsson, 1995; Weinberger & Fischer, 2006) . Some of the activities most recurrently referred to are elaboration, explanation, argumentation and question asking.
Elaboration is characterized by relating new ideas and concepts to that which is already known, making it personally more meaningful, and expanding it in multiple ways, such as adding details, giving examples, making analogies, creating visualizations and predicting outcomes. The benefits of elaboration to learning are well documented (e.g., van
Boxtel, van der Linden, & Kanselaar, 2000) . High quality elaboration involves a reorganization of the learner's knowledge and can for instance be promoted by contrasting concepts, rather than by simply creating personal examples or expanding on the effects of concepts (Hamilton, 1997) .
Good explanations go beyond simply giving a step-by-step solution in so far as they also articulate the explainer's reasoning and elaborate on the concept (Bargh & Schul, 1980) . Giving explanations fosters learning in that it prompts learners to check for inconsistencies and knowledge gaps as well as to reorganize and clarify the material in order to meet the target audience's knowledge level (e.g., Webb, 1989) . In order to benefit from explanations which they receive, learners should try to apply the help given until they reach the point where they are able to solve a problem by themselves (Webb, Troper, & Fall, 1995) .
Argumentation involves the generation of claims or assertions and their justification with evidence. Although arguments are primarily intended to convince someone else of one's own position, they are also effective in promoting self-explanations and deeper understanding of a subject (Baker, 2003) . In constructing arguments, learners must actively search for knowledge with which they can support their claim. In order to arrive at strong arguments
Specifying Computer-Supported 9 which cannot easily be refuted, learners need to reflect upon their own understanding and check for possible ambiguity and inconsistencies in their statements. Furthermore, collaborative learners construct and exchange arguments, counter-arguments and replies in discourse, in which learners challenge and refine their knowledge (Leitão, 2000) .
Question asking can foster comprehension by elaborating on content and can furthermore help to monitor comprehension by checking for errors in understanding (Palincsar & Brown, 1994; King, 1994) . It can also be used for eliciting information that is needed in order to fill in gaps in knowledge (as in "help seeking"). Question asking is frequently assigned as an activity in collaborative learning. However, when learners are simply asked to engage in question asking, they typically ask rather simple, factual questions that require little cognitive effort. Research has identified a number of strategies (e.g., providing generic example questions or making use of question starters) to help learners generate more effective, thought-provoking questions (cf. Rosenshine, Meister, & Chapman, 1996 , for an overview).
To conclude, the role of activities in collaborative learning is of central importance, since the type of activities induced has a strong impact on the cognitive processes evoked.
Nevertheless, it is not simply what the learners do but also how they do it, that is predictive of the learning outcomes. While all collaboration scripts aim at promoting these desired activities in the learners' interaction, there appear to be general differences that lead researchers to distinguish macro-from micro-scripts (e.g., Dillenbourg & Jermann, in press ).
Macro-scripts typically differ from micro-scripts in the level of granularity (i.e., activities typically describe longer time segments and are spread over more social planes compared to micro-scripts). Micro-scripts, on the other hand, tend to provide more scaffolding to students such as sentence starters, question prompts or descriptions (cf. Kollar et al., in press ).
Generally speaking, macro-scripts take a rather top-down and pedagogical approach to structuring interaction (emphasizing the orchestration of activities within the classroom),
Specifying Computer-Supported 10 whereas micro-scripts take a more bottom-up and psychological approach (emphasizing the activities of individual learners). For all apparent differences, both macro-and micro-scripts seem to share the same compositional structure and can therefore be described with the same set of components and mechanisms.
Specifying Collaboration Scripts -A Framework
Based on the frameworks presented by Dillenbourg (2002) , Dillenbourg and Jermann (in press) and Kollar et al. (in press) , we aim to propose a framework that consolidates recent approaches with current ideas and conceptualizations of our research.
Our framework distinguishes between different levels of abstraction for the specification of scripts. At the highest level of abstraction are the so called script schemata (Dillenbourg & Jermann, in press ). Schemata describe the core design principle through which the script is expected to trigger specific interactions. For instance, many scripts use a variation of the Jigsaw method (Aronson, Blaney, Stephan, Sikes, & Snapp, 1978) and form pairs with complementary knowledge, providing them with complementary information or roles in order to create socio-cognitive conflict, or assign and alternate roles which foster reciprocal activities such as questioning or tutoring. Thus, the core design principles are refered to as the Jigsaw schema, the conflict schema and the reciprocal schema (Dillenbourg & Jermann, in press ). Besides these aforementioned schemata, it is expected that further schemata exist, which we aim to identify in the future. However, for the purpose of specification and subsequent formalization, we target a level of abstraction that is below that of script schemata and is still generalizable enough to allow for adaption to the learning context, for example, the number of participants and the kind and content of resources. Dillenbourg and Jerman (in press) refer to this level as the level of script classes, which cover a range of scripts representing acceptable variations of a prototype. For example, the Universanté Script (cf. appendix B) is a prototype of the Jigsaw schema, whereas the ArgueGraph Script (cf. appendix C) is a prototype of the conflict schema.
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Specifying Computer-Supported 11 Regarding the structural composition of scripts, we distinguish between mechanisms on the one hand and components on the other. This distinction has not been made in earlier approaches. For example, Kollar et al. (in press) regarded role distribution as a script component, whereas we refer to roles as a component and distribution as a mechanism.
Furthermore, we do not regard earlier components such as type of representation or mode of interaction as either mechanism or component, because these aspects are merely design decisions that can be used to build variations of one and the same script class. The script components and mechanisms will be presented separately in the following sections and will be illustrated with script examples in the appendices.
Script Components
Our framework aims to be economic in enabling scripts to be described with just a small number of components: the individuals that participate in a script, the activities that they engage in, the roles they assume, the resources that they make use of and the groups they form.
Participants. The term participants is used synonymously with users, persons or people, in other words, as a general abstraction of concrete individuals. Scripts usually have certain requirements regarding the total number of participants that they can handle, sometimes given as a variable range (e.g., from three to eight participants) or as a multiple of another script component (e.g., two participants per text book). Scripts may also take into account specific participant characteristics, such as individual opinion or knowledge in a domain. For example, the ArgueGraph Script (cf. appendix C) makes use of participants with different opinions, whereas the Universanté Script (cf. appendix B) utilizes participants with different background knowledge.
Activities. Activities form a hierarchical structure in which any greater activity can be decomposed into lesser, more fine-grained activities, and any lesser activity can be subsumed by one or more greater, more coarse-grained activities. For instance, discussing can be
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Specifying Computer-Supported 12 decomposed into explaining, constructing arguments, question asking, etc., and asking somebody to check a report for mistakes can be generalized as help-seeking. As discussed before, the kinds of activities specified are highly relevant to the type and degree of learning taking place (cf. King, in press).
Roles.
A simple function of roles in collaboration scripts is to refer to specific participants when assigning activities or allocating resources. However, roles also provide a kind of legitimation and are associated with privileges, obligations and expectancies. For example, a person in the role of the critic has the legitimation to criticize another student's work, the privilege to speak out frankly, the obligation to justify the critique and is expected to point out shortcomings as well as ways of improvement. As roles are closely tied to learning activities, their title is usually predictive of the activities which participants are allowed, obliged or expected to engage in. Thus, specific roles may foster particular learning activities, such as a "scientist" promoting planning, observing and drawing conclusions.
Participants may assume one or more roles at any given time and can exchange these roles with other participants. Even if no explicit role assignment takes place, collaboration scripts may implicitly assume a specific "non-role condition" in order to prevent counterproductive self-appointment of roles, for instance, it is often not desirable for small groups to allow one participant assume the self-appointed role of group leader.
Resources. Resources in general comprise virtual or physical objects which can be allocated to learners (e.g., text books, tools, etc.). Some resources are stable, predefined objects whereas others are created or significantly modified during the script, such as filledout questionnaires and written notes. Within this framework, resources are not restricted to tangible objects, but may in effect encompass everything the learning activities operate on, such as verbal and non-verbal productions. Although resources have not been identified as script components in earlier approaches, they are important within the context of scripts because they often constitute a common object of or reason for interaction. Resources often
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Specifying Computer-Supported 13 foster interaction in that they are distributed amongst learners in a way that induces social interdependence (i.e., each learner needs access to the others' resources), a method commonly employed in collaborative learning scenarios such as Jigsaw (Aronson et al., 1978) and conceptualized in the SWISH-model by Dillenbourg and Jermann (in press ).
Groups. Groups generally form a hierarchical structure with larger groups being composed of one or more smaller groups. Participants can be grouped in terms of existing common features (e.g., gender, age or national groups) or can be distributed into new groups based on certain criteria such as desired group size, amount or composition (see the group formation mechanism). Participants can also become members of multiple and overlapping groups.
Script Mechanisms
Script mechanisms help to describe the distributed nature of scripts, that is, how activities, roles and resources are distributed across participants (task distribution), how participants are distributed across groups (group formation) and how both components and groups are distributed over time (sequencing). Each of these mechanisms features particular principles which are important for issues of scaleability (e.g., for applying the same script to a varying number of participants) and later formalization.
Task Distribution. A key feature of scripts is the distribution of the task, such as providing participants with only one piece of the information that they need in order to foster knowledge exchange with one another. Decomposable activities can also be distributed in such a way that one learner engages in a cognitive activity while the other learner engages in a supportive metacognitive activity. Distribution typically makes use of a function, in other words, the elements of one set (e.g., roles) are mapped through a specific function (e.g., oneto-one) onto the elements of another set (e.g., participants). In some cases, this function may become quite complex, such as arranging roles, participants and groups in such a way that Group Formation. While some groups just happen to exist by definition (e.g., gender groups such as men and women or hair color groups such as blondes, brunettes and redheads), other groups must be formed by a particular procedure or principle. In most cases, group formation is very simple, such as forming groups by amount (e.g., dividing a class into four groups), by size (e.g., dividing a class into groups of four) or by a combination thereof (e.g., forming four groups of four). Some scripts make use of more complicated principles that do not only take into account group numbers and size, but also the composition of each group and the overall balance among the groups. The Universanté script, for instance, forms groups based on the principle of obtaining at least one group for each case description with at least two participants from each nation and all participants being balanced evenly across the case groups (cf. appendix B).
Sequencing. Collaboration scripts provide a temporal structure for interaction, that is, they specify the order in which events and activities are to take place. Script sequences are sometimes divided into distinct segments, refered to as phases, that provide a helpful point of reference for students and teachers and are frequently used for managing time. setting the mood may just as well be omitted after the initial cycle) and is often used to gradually increase or decrease the degree of instructional support.
Conclusions
Beginning with a review of the original conception of scripts for collaborative learning, we presented recent approaches towards a specification of collaboration scripts.
Since the instructional approach of scripting interaction is essentially a cognitive approach, we discussed the kind of activities which foster learning from a cognitive point of view.
Besides activities, we also presented a number of other essential components and mechanisms that constitute a script.
The proposed framework serves a variety of different purposes. First of all, it provides a common terminology as the cornerstone for knowledge exchange and accumulation in scientific research on scripting collaborative learning. It is aimed at facilitating the systematic exploration of script mechanisms as well as the comparison and integration of research results. Nevertheless, the framework does not impose a specific theoretical perspective on the interplay of script components and mechanisms but is rather intended to be useful within a wide range of theories. For practitioners, the components and mechanisms elaborated here may serve as a checklist for the design of scripted CSCL environments, as they are of high relevance to collaborative learning. We also expect the prototypical examples to be useful as models of good practice.
In the near future, we aim to go beyond the semi-formal description demonstrated in the script examples to a formal modelling language that can be used in computer-supported negotiating and constructing arguments; 4: explaining and justifying; 5: summarizing and making connections
Group Formation & Task Distribution
In the "survey" phase, all participants together form the class group and receive one copy of the questionnaire. In the "conflict" and "elaboration" phase, all participants are distributed evenly into groups of two, composed of participants with maximimal difference in their responses to the questionnaire. Each small group receives another copy of the questionnaire.
Sequencing
"Survey" phase:
Within the class group, all participants individually fill out the first copy of the questionnaire. Within the class group, all participants jointly discuss the displayed results of the questionnaire.
2
"Conflict" phase:
Small groups are formed based on each participants' responses to the questionnaire.
Within each small group, all participants jointly fill out the second copy of the questionnaire, i.e., they negotiate on a single choice and generate a shared argument for this choice.
3
"Elaboration" phase:
The tutor collects all questionnaires.
For each question of the questionnaire, the tutor compiles all choices and arguments from each small group on an argument sheet.
For each small group in turn, the tutor asks participants to comment on their arguments and gives advice on how to relate their arguments to theories and concepts.
4
"Reflection" phase:
The tutor distributes all copies of the argument sheets to all participants.
Within the class group, each participant individually writes a synthesis of all arguments on the argument sheet, taking into account the advice of the tutor.
